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The endoplasmic reticulum (ER) forms functional contacts with several cellular organelles and regulates pro-
cesses such as mitochondrial fission. In a recent issue of Cell, Rowland et al. (2014) extend these findings
to endosomes, showing that the ER contacts endosomes at sites containing the WASH subunit FAM21,
where it forecasts fission events.The endoplasmic reticulum (ER) is the
birthplace of membrane proteins and
most lipids of the vacuolar apparatus
and is also involved in the biogenesis of
lipid droplets, peroxisomes, and autopha-
gosomes. Over the last few years, it has
become apparent that the ER physically
interacts with other organelles, including
the plasma membrane, mitochondria,
and endosomes (Prinz, 2014). These
interorganellar ‘‘synapses’’ may serve as
direct delivery routes between compart-
ments, bypassing usual trafficking path-
ways, in particular for lipids and ions.
ER-mitochondrial contact sites have
been shown to be important in both
calcium homeostasis and lipid transfer,
in particular during phosphatidylethanol-
amine biosynthesis. The ER has also
recently been found to wrap around mito-
chondria to generate constrictions, lead-
ing to mitochondrial fission (Friedman
et al., 2011). In a paper recently published
in Cell, Voeltz and colleagues extend this
finding to show that the ER also regulates
endosome fission (Rowland et al., 2014).
Fifty percent of early and 99% of late
endosomes are associated with the ER
(Friedman et al., 2013). Rowland et al.
(2014) investigated whether the ER af-
fects early and late endosome dynamics
by following transferrin, a well-estab-
lished recycling cargo, or EGF, known to
traffic to late endosomes and lysosomes.
They found that upon formation of a
cargo-loaded bud on the early endosome
but before fission, an ER tubule labeled
with tagged Sec61b moves to the bud
neck, suggesting that ER tubules mark
the position and timing of fission.
Fission is a fast event, and thus, to
catch fission intermediates, the authorstreated cells with Dynasore, a dynamin
inhibitor that has been shown to cause
early endosome tubulation. Cargo sorting
and trafficking along the recycling path-
way to the trans-Golgi network and the
plasma membrane depend on the retro-
mer and the actin nucleation complex
WASH (Gautreau et al., 2014). FAM21,
a WASH subunit, regulates WASH mem-
brane association and links WASH to
the retromer by binding the retromer
subunit Vps35 (Gautreau et al., 2014).
Rowland et al. (2014) show that Rab5-
containing Dynasore-induced tubules
exhibit punctate FAM21 labeling at sites
with minimal Rab5 staining, which is
interpreted as a constriction in the endo-
somal tubule. Interestingly, Sec61b-con-
taining ER tubules were found to cross
over the endosome tubules at FAM21-
labeled sites. The authors monitored
the diffusion of TfR in Dynasore-induced
endosomal tubules using fluorescence
recovery after photobleaching (FRAP)
and remarkably found that the fluorescent
signal recovers rapidly (within 10 s) up to
the site of contact with the ER tubule,
but not beyond. After Dynasore washout
in the presence of serum to efficiently
trigger fission, ER tubule crossings were
observed at most fission sites (81%),
while ER coverage of endosomes was
much lower (22%). This suggests that
ER contact at the site of fission is not
due to chance and that contact sites
might forecast the site of fission on early
endosomes.
Because contact with the ER is even
greater for late (99%) than for early endo-
somes, Rowland et al. (2014) also studied
the connection of the ER with fission
of Rab-7-labeled late endosomes. LateDevelopmental Cell 31, Dendosome tubulation was induced by
knockdown of dynamin-2, and, similarly
to early endosomes, ER tubules localized
to nearly every fission site and moved
into place to cross over and ‘‘cup’’ the
bud just before fission. The frequency
of these events again suggests that
this is not coincidental. Additionally,
on Rab7-containing late endosomes,
FAM21 was found at pre-fission ER-
tubule contacts even afterWASH1 knock-
down, arguing that ER recruitment and
fission are independent of a functional
WASH complex.
These findings led the authors to pro-
pose that ER tubules may ‘‘attack’’ sites
of the pre-formed sorting domains on
endosomes that contribute to fission. To
test the ER requirement, the authors over-
expressed Reticulon 4a to form highly
elongated, unbranched, and poorly dy-
namic ER tubules. This overexpression
did not affect endosome size or bud
length, but decreased fission, indicating
that endosome fission is defective when
ER organization is altered.
While these novel observations indicate
that the ER forecasts the site of fission,
the underlying molecular mechanisms
remain to be unraveled. The authors
proposed three mechanisms that could
all be at play: (1) contact sites may allow
the recruitment of necessary factors
from each organelle, (2) the translocation
of ER lipids, or the modification of endo-
some lipids by ER enzymes, could modify
the curvature and promote fission, and
(3) the ER may allow an increase in local
Ca2+ concentrations, activating Ca2+-
dependent endosome fission.
Other interesting issues are raised by
these findings. Given the localization ofecember 22, 2014 ª2014 Elsevier Inc. 673
Figure 1. Endosome-ER Contact Sites
The figure represents contact sites (circled in green) involved in the fission
of early and late endosome tubules (Rowland et al., 2014), as well as other
types of endosome-ER contact sites in mammalian cells. These are mediated
by protein:protein interactions between (1) endocytosed and activated EGF
receptor (EGFR) and the ER-associated phosphatase PTP1B, which dephos-
phorylates EGFR (Eden et al., 2010); (2) endosomal ORP1L and ER VAPs,
which regulate endosome motility depending on cholesterol levels (Rocha
et al., 2009); (3) STARD3 and VAPs of unknown functions (Alpy et al., 2013);
and (4) NPC1, an endosomal protein mutated in the cholesterol-storage
disease Niemann-Pick C, and ORP5, which may be involved in endosome-
to-ER cholesterol transfer (Du et al., 2011). Interactions of the ER with
the plasma membrane and other organelles are depicted in gray. Arrows
indicate recycling routes of membrane traffic from endosomes to the plasma
membrane or the TGN, as well as early to late endosome transport.
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but the lack of effect of
WASH-1 depletion, it will be
important to clarify whether
F-actin has a role in the pro-
cess. Similarly, the function
of FAM21 is not clear: does it
participate in retromer-based
cargo sorting to the plasma
membrane or the trans-Golgi
network? It is not clear what
guides the ER to specific
sites on endosomes, and
whether the ER provides
force that leads to constric-
tion by squeezing the endo-
some tubule at contact sites.
Is Rab5 staining minimal at
these sites because access
is limited? Alternatively, does
the ER allow localized recruit-
ment of the scission machin-
eries? Contacts between
the ER and other organelles
often involve close-range
membrane-membrane inter-
actions. Are similar close-
range interactions involved
in the scission of endosome
tubules, or are other types of
looser interactions at play?
Voeltz and colleagues have
now proposed that the ERregulates dynamics of two distinct cyto-
plasmic organelles, endosomes and
mitochondria. Future studies will no
doubt compare these two ER-dependent
scission processes to identify to what
extent they share the same machinery.
In addition, given that late endosomes
are highly dynamic but that only a
small minority of Rab7-positive late endo-
somes contains FAM21, it will also be
exciting to determine whether ER contact
sites orchestrate all fission events within
the endosomal system or whether
they selectively control the biogenesis
of tubules involved in recycling to the674 Developmental Cell 31, December 22, 20trans-Golgi network and the plasma
membrane.
Finally, different types of endosome-
ER contact sites have been identified
and characterized in mammalian cells
(Figure 1; Rocha et al., 2009; Du et al.,
2011; Eden et al., 2010; Alpy et al.,
2013). Combined, these various studies
indicate that multiple endosome functions
depend on direct membrane-membrane
interactions between the ER and the en-
dosome. Conversely, one may speculate
that some ER functions are controlled by
interactions with endosomes, including
perhaps the signaling pathway emanating14 ª2014 Elsevier Inc.from the endolysosome-asso-
ciated mTOR complex 1,
which activates ER-associ-
ated SREBP, a master regu-
lator of lipo- and sterolgenic
transcription (Peterson et al.,
2011). We are at the dawn
of understanding how ER-
endosome contact sites, and
organelle-organelle interac-
tions in general, orchestrate
and integrate fundamental
cellular processes in transport
and signaling at the cellular
level.REFERENCES
Alpy, F., Rousseau, A., Schwab, Y.,
Legueux, F., Stoll, I., Wendling, C.,
Spiegelhalter, C., Kessler, P., Mathe-
lin, C., Rio, M.C., et al. (2013). J. Cell
Sci. 126, 5500–5512.
Du, X., Kumar, J., Ferguson, C.,
Schulz, T.A., Ong, Y.S., Hong, W.,
Prinz, W.A., Parton, R.G., Brown,
A.J., and Yang, H. (2011). J. Cell
Biol. 192, 121–135.
Eden, E.R., White, I.J., Tsapara, A.,
and Futter, C.E. (2010). Nat. Cell
Biol. 12, 267–272.
Friedman, J.R., Lackner, L.L., West,
M., DiBenedetto, J.R., Nunnari, J.,
and Voeltz, G.K. (2011). Science
334, 358–362.Friedman, J.R., Dibenedetto, J.R., West, M., Row-
land, A.A., and Voeltz, G.K. (2013). Mol. Biol. Cell
24, 1030–1040.
Gautreau, A., Oguievetskaia, K., and Ungermann,
C. (2014). Cold Spring Harb. Perspect. Biol. 6,
a016832.
Peterson, T.R., Sengupta, S.S., Harris, T.E., Car-
mack, A.E., Kang, S.A., Balderas, E., Guertin,
D.A., Madden, K.L., Carpenter, A.E., Finck, B.N.,
and Sabatini, D.M. (2011). Cell 146, 408–420.
Prinz, W.A. (2014). J. Cell Biol. 205, 759–769.
Rocha, N., Kuijl, C., van der Kant, R., Janssen, L.,
Houben, D., Janssen, H., Zwart, W., and Neefjes,
J. (2009). J. Cell Biol. 185, 1209–1225.
Rowland, A.A., Chitwood, P.J., Phillips, M.J., and
Voeltz, G.K. (2014). Cell 159, 1027–1041.
